Introduction
An eight-pancake Nb-Ti dipole magnet, with bent up ends, called D-1OB has been built and tested, see Figure 1 . This magnet is a Nb-Ti version of a Nb3Sn magnet designed to produce a 10-tesla dipole field in a 40 mm diameter aperture. The pancake design is used for the heavy 12,000 ampere Nb3Sn cable because of the mechanical difficulty in winding such a heavy cable into the conventional nested cylindrical shell configuration with a 2" inner winding diameter. The Nb-Ti version operates at 1.8K, in He II, has superconducting cable half as thick as the Nb3Sn cable, and operates at half the operating current: 6,000 A rather than 12,000 A at 10 tesla. Both D-1OB was tested from January 26 to February 2, 1983 and reached short-sample performance in both He I and He II after moderate training. The central field at 4.3K is 7.0 (± 0.1) tesla, and at 1.8K is 9.1 (± 0.2) tesla. Ramp rate sensitivity and cyclic heating data were also measured.
Magnet Description Construction
The block, or flat pancake, coil geometry of this magnet can be seen in Figure 2 , which shows the D-1OB cross section. The coil sections are wound from heavy rectangular cable in flat pancake pairs, commonly called racetrack windings. The particular geometry was chosen to enable heavy Nb3Sn Cable to be wound into a small aperture dipole.
While waiting for the experimental Nb3Sn cable to be fabricated, we built a model with Nb-Ti cable to test the new geometry for fabrication practicality and also to test the magnet for training and other pertinent behavior. This Nb-Ti magnet is The target pressures to be achieved at final assembly were based on code results from '"Poisson" and "SAP4" which show that horizontal pressures on the outside of each layer due to 10 tesla central field, when the inside turns are kept under minimum compression, will be approximately 8700 psi for layers 1, 2, and 3 and 17,000 psi for layer 4. Layer 1 is nearest to and layer 4 is farthest from the midplane. Vertical pressure averaged about 1000 psi. The magnet structure and assembly clamps were designed to produce 7000 psi prestress horizontally and 5000 psi vertically.
The superconducting cable is wrapped with 1 mil (25 micron) thick overlapped Kapton, which is coated with B-stage epoxy except for the inner four turns of each pancake. The pancakes are wound in pairs and assembled, with their inner NEMA G-10 islands and outer G-10 spacers, into the top and bottom half magnets in a clamping structure in which the half units are baked to 120%C to cure the B-stage epoxy.
The two halves are then re-assembled in the final clamping structure, and the magnet is pre-stressed using shims and external bolts. Strain gauges are used in the G-10 spacers within each pair of pancakes to adjust the pre-stress through the use of shims. Room temperature pre-stress in the range of 6000 psi was achieved. Details of the clamping structure, pre-stress required, and strain gauge measurements appear in Reference 1. Figure 3 shows a cross-section of the coil in its aluminum and stainless steel bolted structure. More details of the design are given in Refences 2 and 3.
Nb-Ti Cable
A Rutherford rectangular cable of 27 strands of 31.8 mil (0.81 mm) diameter is used. For highest current density, a low copper-to-superconductor ratio of 1:1 was specified, and possible problems with conductor stability were anticipated. The actual Cu:S.C. ratio turned out to be even lower, 0 Figure 5 shows the training history of D-10B. The first quench at 4.3K was about 80 percent of its short sample value, or some 5.5 tesla central field. The training was moderately slow, some twenty five (25) quenches to short sample. It is not clear whether this slow training is due to a superconductor stability problem, structural and pre-stress problems, or due to some particular defect in one pancake pair from conductor or manufacturing defects. 69 percent of all quenches occured in pancake 4 bottom, and 87 percent of all quenches occured in the pancake pair 3 and 4 bottom. The maximum field reached at 4.3K is 7.0 (+ 0.1) tesla and we believe it to be short sample performance because the same current is reached before and after operation, at higher currents, in He II. Also the character of the quenches, which is quite reproducible, is that of conductor operating at short sample. Fig. 4 suggests that true short sample behavior would be a few percent higher but there may be some portion of the cable that is a bit lower in performance than the samples that were measured. The He II data, at 1.8K, show the initial large increase in magnet current that we expect, but then some 10 to 15 quenches are needed to attain short sample performance. Again, the reason for this slow training is not clear. From quench 42 to quench 51, the helium bath is being raised from 1.8K to 4.3K. The magnet, though lossy, could be ramped faster than I tesla per second. Extended cyclic heating experiments were carrried out up to 0.5 tesla per second.
Pulsing Losses,_ Cyclic Heating a. Calorimetric Loss Measurement In He II one can measure the heat generated by magnet cyclic heating through monitoring the bath temperature movements. Inspection of the curve (Fig. 6) shows that the D-10B behavior is linear, which means the loss is hysteretic in nature, occuring in the superconductor itself. 
